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(57) ABSTRACT

An image forming apparatus includes: an image bearing
member; a developing device; a supply device which supplies
toner to the developing device; a density detector which
detects information about a toner density as a ratio of toner
and carrier of the developer of the developing device; and a
controller which interrupts an image forming operation and is
capable of executing a forced supply mode of performing the
toner supply to the developing device from the supply device,
based on first information of at least one of detection results of
the density detector and information about a toner consump-
tion, second information about the amount of supply opera-
tion supplied by the supply device, in which the controller
determines whether or not to execute the forced supply mode,
and third information about an accumulated value of the
amount of toner consumption after the forced supply mode
executed last time.
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FIG. 4A
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FIG. 4B
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1
IMAGE FORMING APPARATUS WITH
FORCED TONER SUPPLY MODE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image forming appara-
tus such as a copying machine and a printer that uses an
electrophotographic system or an electrostatic recording sys-
tem.

2. Description of the Related Art

Among image forming apparatuses, digital laser beam
printers of a so- called electrophotographic system have been
known. In a development device equipped in the image form-
ing apparatus, a one-component developer containing mag-
netic toner as a main component, or a two-component devel-
oper containing non-magnetic toner and magnetic carrier as
main components has been used. In particular, in the image
forming apparatus that forms a full-color or multi-color
image, the two-component developer has been mainly used
from the viewpoint of color of an image or the like.

There is a toner supply control as particular importance in
the two-component developer. The two-component devel-
oper has the toner and the carrier, and when forming the
image, a TD ratio as a ratio of the toner to the carrier changes
by consumption of the toner. Since charging characteristics of
the toner change depending on the value of the TD ratio, it is
required to supply the toner so as to maintain the charging
characteristics of the toner. A toner bottle configured to sup-
ply the toner is provided separately from the development
device, and when there is no toner in the toner bottle, the toner
bottle is replaced with a new one.

Furthermore, in recent years, there have been increased
demands for size reduction and noise reduction of the image
forming apparatuses. For example, as an example of the size
reduction, as in US Patent Application Publication No. 2006/
165423 Al, and Japanese Patent Laid-Open No. 2011-
048201, in an image forming apparatus that forms a full color
image, a size reduction of a supply motor configured to turn a
toner bottle is achieved by using two colors by one motor.
Here, in some cases, the supply cannot be kept up depending
on the toner consumption of the common two colors, and
since the TD ratio of the two-component developer is lowered
at that time, the supply is implemented by providing down-
time.

Furthermore, as examples of the noise reduction, by low-
ering the number of rotations of the supply motor, it is pos-
sible to use the smaller motors, thereby reducing the sound.
Even at this time, in some cases, the supply cannot be kept up
depending on the toner consumption, and since the TD ratio
of the two-component developer is lowered at that time, it is
necessary to carry out the supply by providing the downtime.

However, in some cases, the supply cannot be kept up
depending on the toner consumption. In this case, a control is
performed such that the control (forced supply sequence) of
implementing the supply by providing the downtime is input,
but the following problems may occur.

When a remaining amount of toner in the toner bottle
decreases (just before toner absence), the toner capable of
being supplied into the development device decreases. For
this reason, even in the image with less toner consumption,
the TD ratio of the two-component developer is lowered. In
this case, since the amount of toner supply required for the
image forming apparatus increases, the supply is not kept up
for the required amount of supply, and the forced supply
sequence starts.
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However, even if the forced supply sequence is imple-
mented, since the amount of toner to be supplied to the devel-
opment device is small, the TD ratio of the two-component
developer does not rise. For this reason, in some cases, the
forced supply sequence may be repeatedly performed more
than necessary. In this case, there has been a problem in that
the downtime due to the forced supply sequence occurs fre-
quently until “toner absence” is displayed.

SUMMARY OF THE INVENTION

It is desirable to suppress an occurrence of downtime by
efficiently performing the control of the forced supply
sequence.

As a typical configuration of the present invention for
achieving the above-described purpose, an image forming
apparatus includes:

an image bearing member;

a developing device which is provided with a developer
bearing member that carries a developer, and develops
an electrostatic image formed on the image bearing
member;

a supply device which supplies toner to the developing
device;

a density detector which detects information about a toner
density as a ratio of toner and carrier of the developer of
the developing device; and

a controller which interrupts an image forming operation
and is capable of executing a forced supply mode of
performing the toner supply to the developing device
from the supply device, based on first information of at
least one of detection results of the density detector and
information about a toner consumption, second infor-
mation about the amount of supply operation supplied
by the supply device, and third information about an
accumulated value of the amount of toner consumption
after the forced supply mode executed last time.

Further features of the present invention will become
apparent from the following description of exemplary
embodiments with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional view illustrating a detailed con-
figuration of an image forming portion.

FIG. 2 is a schematic cross-sectional view illustrating an
overall configuration of an image forming apparatus.

FIG. 3 is an explanatory view illustrating a configuration of
a toner bottle.

FIGS. 4A and 4B comprise a flowchart of the forced supply
sequence of a first embodiment.

FIG. 5 is a graph illustrating a relation between an inte-
grated number of rotations of a supply motor and an amount
of toner supply of the first embodiment.

FIG. 6 is a conceptual diagram illustrating an image state
when implementing the forced supply sequence.

FIGS. 7A and 7B are graphs in which a conventional
example is compared to the first embodiment at an image ratio
of 10%.

FIGS. 8A and 8B are graphs in which a conventional
example is compared to the second embodiment at the image
ratio of 80%.

FIGS. 9A and 9B comprise a flowchart of the forced supply
sequence of a second embodiment.

FIGS. 10A and 10B are diagrams illustrating an effect at
the image ratio 10% of the second embodiment.
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FIGS. 11A and 11B are diagrams illustrating an effect at
the image ratio 80% of the second embodiment.

DESCRIPTION OF THE EMBODIMENTS

[First Embodiment]

A first embodiment of the present invention will be
described with reference to the drawings. FIG. 2 is a sche-
matic cross-sectional view illustrating an overall configura-
tion of an image forming apparatus. The image forming appa-
ratus of this embodiment is an electrophotographic image
forming apparatus of a digital type. Hereinafter, the image
forming apparatus will be described in detail.

As illustrated in FIG. 2, an endless intermediate transfer
belt (ITB) 81 that travels in a direction of an arrow X is
disposed in the image forming apparatus. The intermediate
transfer belt 81 is stretched by three rollers of a drive roller 37,
a tension roller 38, and a secondary transfer inner roller 39.

A transfer material P taken out from a sheet cassette 60 is
supplied to a conveying roller 61 via a pickup roller, and is
conveyed to a left side in the drawings.

An image forming portion IP is disposed above the inter-
mediate transfer belt 81. FIG. 1 is a cross-sectional view
illustrating a detailed configuration of the image forming
portion. The image forming portion is provided with a drum-
shaped photosensitive drum 1 (image bearing member) that is
disposed in a rotatable manner.

The photosensitive drum 1 has a support shaft (not illus-
trated) at a center thereof, and is rotationally driven by a drive
section (not illustrated) around the support shaft in the direc-
tion of arrow R1. The rotational speed of the photosensitive
drum 1 in this embodiment is 110 mm/s. Around the photo-
sensitive drum 1, process devices such as a charging roller 11,
a development device 2 (developing device), a primary trans-
fer roller 14, and a cleaning device 15 are disposed.

The charging roller 11 (a primary charger) comes into
contact with a surface of the photosensitive drum 1 to uni-
formly charge the surface to predetermined polarity and
potential. The charging roller 11 is configured in a roller
shape as a whole. The charging roller 11 is pressed against the
surface of the photosensitive drum 1 with predetermined
pressing force, and the charging roller 11 is driven to turn
according to the rotation of the photosensitive drum 1 in the
direction of arrow R1.

Bias voltage is applied to a metal core of the charging roller
11 by a charging bias power supply (not illustrated), thereby
implementing the uniform contact charging of surface of the
photosensitive drum 1.

In this embodiment, bias voltage obtained by superimpos-
ing 1.5 kVpp with DC voltage and AC voltage was applied to
the metal core of the charging roller 11. By applying the AC
voltage, it is possible to cause the potential on the photosen-
sitive drum 1 to be converged to the same value as the voltage
of'the DC voltage. For example, the potential of the surface of
the photosensitive drum 1 after charging at the time ofthe DC
voltage=—600V is -600 V.

A scanner 12 (exposure portion) is disposed on a down-
stream side of the charging roller 11. The photosensitive drum
1 is irradiated with laser beam depending on an image signal
from the scanner 12. As a result, an electrostatic image is
formed on the photosensitive drum 1.

Intensity of the laser beam of the scanner 12 can vary
within a range of 0 to 255. By varying the intensity of laser
beam, the latent image potential is changed. In this embodi-
ment, the potential on the photosensitive drum 1 when the
intensity of laser beam: L. is changed to 0 to 255 isset to V (L)
(V (L=0) to V (L=255)).

10

15

20

25

30

35

40

45

50

55

60

65

4

On the downstream side of the scanner 12, the development
device 2 is disposed. Two-component developer using non-
magnetic toner and magnetic carrier is housed in the devel-
opment device 2. In this embodiment, a two-component
developing method using the two-component developer was
used. Furthermore, in this embodiment, a negatively charged
toner was used.

The interior of the development device 2 is partitioned into
a developing chamber 212 and a stirring chamber 211 by a
partition wall 213 extending in a vertical direction.

A non-magnetic development sleeve 232 (a developer
bearing member) is disposed on the developing chamber 212.
A magnet 231 (magnetic field generating unit) is fixedly
disposed in the development sleeve 232. The magnet 231
includes approximately three or more poles. In this embodi-
ment, a 5-pole magnet was used. Thus, at least, as a develop-
ment portion for developing an electrostatic latent image, the
development device 2 and the development sleeve 232 are
included.

A first conveying screw 222 and a second conveying screw
221 are disposed in the developing chamber 212 and the
stirring chamber 211, respectively, as a developer stirring
conveying unit.

The development sleeve 232, the first conveying screw
222, and the second conveying screw 221 are driven by a
development drive motor 27.

The first conveying screw 222 stirs and conveys the devel-
oper of the developing chamber 212. Furthermore, the second
conveying screw 221 stirs and conveys the toner supplied by
the toner bottle 7, and the developer that is present in the
development device 2 in advance. The uniform toner density
of the developer in the development device 2 is obtained by
the stirring conveyance.

An inductance sensor 26 (a density detector) is provided in
the stirring chamber 211. The inductance sensor 26 detects
the toner density (a ratio of toner and carrier: TD ratio) in the
development device.

In the partition wall 213 between the stirring chamber 211
and the developing chamber 212, in the drawings, a developer
passage is formed through which the developing chamber 212
and the stirring chamber 211 communicate with each other at
the end of the front side and the back side. For this reason, the
developer conveyed by the conveying force of the first con-
veying screw 222 and the second conveying screw 221 circu-
lates between the developing chamber 212 and the stirring
chamber 211 through the developer passage.

Specifically, after the toner is consumed by the develop-
ment and the toner density of the developer is lowered, the
developer of the developing chamber 212 moves to the stir-
ring chamber 211 from one developer passage. Since the
toner is supplied to the stirring chamber 211 from the toner
bottle 7, the toner density of the developer is recovered in the
stirring chamber 211. Moreover, the developer after the
recovery of the toner density moves to the developing cham-
ber 212 from the other developer passage.

The two-component developer stirred by the first convey-
ing screw 222 in the development device 2 is conveyed by the
rotation of the development sleeve 232, while being con-
strained by the magnetic force of a conveying magnetic pole
for pumping (pumping pole) N3 of the magnet 231. Further-
more, the developer is fully restrained by a conveying mag-
netic pole (cut electrode) S2 having a flux density more than
a certain level and is conveyed while forming a magnetic
brush on the development sleeve 232.

Next, since the magnetic brush is ear-cut by the regulating
blade 25, a thickness of a developer layer of the magnetic
brush formed on the magnet 231 is adjusted to a proper length
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of the magnetic brush. Thereafter, along with the rotation of
the conveying magnetic pole N1 and the development sleeve
232, the developer is conveyed to a development region fac-
ing the photosensitive drum 1. Here, the developer magnetic
brush stands by the development pole S1 in the development
region.

Moreover, by the development bias applied to the develop-
ment sleeve 232, only the toner of the developer is transferred
with respect to the electrostatic image on the photosensitive
drum 1. Thus, the toner image corresponding to the electro-
static image is formed on the surface of the photosensitive
drum 1.

A predetermined development bias is applied to the devel-
opment sleeve 232 from a development bias power supply as
a development bias output unit (not illustrated). In this
embodiment, as the development sleeve 232, the develop-
ment bias voltage obtained by superimposing the DC voltage
(Dev DC=-500 V) and the AC voltage (Dev AC=1.3 KVpp)
from a development bias power supply was used.

The toner bottle 7 is attached to the development device 2
of'the present embodiment. FIG. 3 is an explanatory diagram
illustrating the configuration of the toner bottle.

As illustrated in FIG. 3, a supply motor 73 (a supply drive
portion) is provided in the toner bottle 7 (supply device). A
lower toner conveying screw 72 and an upper toner conveying
screw 71 in the toner bottle 7 are rotated by the supply motor
73.

Moreover, when the supply motor 73 is driven, the lower
toner conveying screw 72 rotates. The toner in the toner bottle
7 conveyed by the rotation of the lower toner conveying screw
72 is supplied to the development device 2 from a supply port
75 formed at the bottom of the toner bottle 7. By driving of the
supply motor 73, the upper toner conveying screw 71 also
rotates at the same time as the lower toner conveying screw 72
rotates, to convey the toner at the top of the toner bottle 7.

The control of each part of the device, such as the rotation
control of the supply motor 73 and the calculation of the
remaining supply amount, is implemented by a CPU 101 of
the controller 100. Furthermore, the rotation detection of the
supply motor 73 is implemented by the rotation detection
sensor 74. The rotation detection sensor 74 is able to perform
the detection as a unit of one rotation of the screw. The CPU
101 performs the control so as to rotationally drive the supply
motor 73 by the predetermined rotation. The control results of
the controller 100 are displayed as needed through a display
device 300 such as a display.

A toner bottle absence and presence sensor 76 is disposed
at the top of the toner bottle 7. The toner bottle absence and
presence sensor 76 determines the presence or absence of the
toner bottle 7.

As illustrated in FIG. 2, in the rotational direction of the
surface of the photosensitive drum 1, a primary transfer roller
14 is disposed on the downstream side of the development
device 2. Both ends of the primary transfer roller 14 are urged
against the photosensitive drum 1 by a pressing member such
as a spring (not illustrated).

On the downstream side of the rotational direction of the
photosensitive drum 1 from the position of the primary trans-
fer roller 14, a cleaning device 15 is disposed. A cleaning
blade of the cleaning device 15 removes the toner remaining
on the photosensitive drum 1.

An image density sensor 31 configured to detect the den-
sity of the toner image formed on the intermediate transfer
belt 81 is installed on the intermediate transfer belt 81.

When the transfer material P taken out of the sheet cassette
60 is conveyed to the conveying roller 41, the leading end of
the transfer material P is stopped once by the conveying roller
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41. Moreover, the transfer material P is fed from the convey-
ing roller 41 according to the timing such that the toner image
formed on the intermediate transfer belt 81 can be transferred
to a predetermined position of the recording material.

Next, in the transfer material P, in a region in which the
secondary transfer inner roller 39 and a secondary transfer
outer roller 40 abut against each other, the above-described
four color toner images are transferred onto the transfer mate-
rial P, by the secondary transfer bias applied to the secondary
transfer outer roller 40.

A cleaning device 50 is disposed on the downstream of the
secondary transfer inner roller 39 in the conveying direction
of'the intermediate transfer belt 81. The cleaning blade of the
cleaning device 50 removes the toner remaining on the inter-
mediate transfer belt 81.

The transfer material P separated from the intermediate
transfer belt 81 is conveyed to a fixing device 90. The toner
image transferred onto the transfer material P is heated and
pressurized by the fixing device 90. Thus, the toner image
melted and is fixed onto the transfer material P. In the image
information of the transfer material P that is output, the image
density is calculated by a video counter 91 (an image density
calculation portion), and the data is transmitted to the con-
troller as a video count value.

Thereafter, the transfer material P is discharged to the
outside of the image forming apparatus. In this embodiment,
the image forming apparatus is able to discharge an image of
A4 size at a maximum rate of 25 sheets per minute.

(Toner Supply Control)

The details of the toner supply control according to this
embodiment will be described.

By developing the electrostatic image and consuming the
toner, the toner density of the developer in the development
device 2 drops.

For this reason, the toner supply control of supplying the
toner to the development device 2 from the toner bottle 7 is
implemented by the density control device. Thus, the toner
density of the developer is controlled to be as constant as
possible or the image density is controlled to be as constant as
possible.

In this embodiment, the supply control is implemented
based on two pieces of information. A supply amount at the
time of the N-th image formation will be described below.

A video count value: V_ is first calculated from the image
information of the N-th output, and the calculated video count
value is multiplied by a coefficient: A (V) to calculate an
amount of video count supply: M (V).

MV )=V xd(V.) (Formula 1)

Here, when the image of the image ratio: 100% (entire
solid black) is output, the video count value: V_=1023, and the
video count value: V_ varies depending on the image ratio.

Secondly, the amount of inductor supply: M (Indc) is cal-
culated by Formula 2 described below, by multiplying a dif-
ference value between a TD ratio: TD (Indc) calculated from
the detection result of the inductance sensor 26 at the N-1
sheet and a target TD ratio: TD (target) by a coefficient: A
(Indc), thereby obtaining the detection result of the density
detector.

M(Indc)=(TD(target)- TD(Indc))xA(Indc)
Here, coefficients: A (V) and A (Indc) are recorded in a
ROM 102 in advance.
The target TD ratio: TD (target) is recorded ina RAM 103,
and it is possible to change the setting value. In regard to a

method of changing the target TD ratio: TD (target), in this
embodiment, an image pattern (patch image) for detecting the

(Formula 2)
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image density is imaged for reference, and the image density
is detected by the image density sensor 31 and is changed by
the result thereof. The amount of toner supply: M is calculated
by

Formula 3 below, by obtaining two values of an amount of
video count supply: M (Vc) as information about the toner
consumption and an amount of inductor supply: M (Indc) as
a detection result of the density detector.

M=M(V _)+M(Indc)+M(remain) (Formula 3)

Here, M (remain) is a remaining supply amount that
remains without being able to perform the supply. The reason
for an occurrence of the remaining supply amount is that,
since the supply is implemented in units of one rotation of the
screw, the supply amount less than one rotation which
exceeds the supply capacity of one rotation of the screw
remains as a remaining supply amount. A remaining supply
amount calculation portion in the controller 100 calculates
and integrates the remaining supply amount. The control of
the remaining supply amount will be described below in
detail.

Furthermore, in the case of M<0, M equals From Formula
3, even if M (Indc) equals 0, when the image ratio is high or
the remaining supply amount is large, there is a case where the
supply is implemented.

Next, a required number of rotations: Brq of the supply
motor 73 is calculated from the amount of toner supply: M
(first information). The supply amount: T to the development
device per rotation of the lower toner conveying screw 72 is
recorded in the ROM 102 in advance, and the required num-
ber of rotations: Brq of the supply motor 73 is calculated from
the calculated amount of toner supply: M, by Formula 4
below.

Brg=M/T (Formula 4)

Here, after the decimal point of Brq is rounded down, only an
integer number part is used. In this embodiment, T=0.10 g is
set.

In this embodiment, with respect to the required number of
rotations: Brq, the number of rotations that can be actually
supplied: implementation number of rotations: Bpr is calcu-
lated (second information about the amount of supply opera-
tion supplied by the supply device). The calculating method
will be described later. The supply motor 73 is rotated in an
amount of the implementation number of rotations: Bpr to
perform the toner supply in one image formation.

The toner amount that could not be supplied in one image
formation is assumed to be a remaining supply amount: M
(remain), and is calculated by the following Formula 5,

M(remain)=M-BprxT (Formula 5)

(Toner Bottle: Determination of Toner Absence)
Hereinafter, a determining method in which the toner dis-
appears (toner absence) in the toner bottle according to this
embodiment will be described.
In this embodiment, when TD (Indc) N detected at the N-th
time and the target TD ratio: TD (target) satisfy Formula 6
below three consecutive times,

OTD ratio N=TD(Indc)N-TD(target)=—1.0% (Formula 6),

the image formation is interrupted.

Moreover, a toner bottle replacement instruction: “please
replace the toner bottle” is displayed on the display device
300 to prohibit the image forming operation.

The value of —1.0% of Formula 6 and the conditions when
Formula 6 are satisfied three consecutive times can also be
other numbers.
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Furthermore, when satisfying Formula 6 three consecutive
times, in order to interrupt the image formation and determine
that there is no toner in the toner bottle 7, it is also possible to
perform the toner remaining amount checking sequence.
Here, the toner remaining amount checking sequence is a
sequence that performs the supply by the supply motor 73,
drives the development drive motor 27, observes the detection
result of the inductance sensor 26 after the supply, and deter-
mines the presence or absence of the toner in the toner bottle
7.

(Forced Supply Sequence)

The forced supply sequence (forced supply mode) capable
of’being executed by the controller of the present embodiment
will be described. In this embodiment, the number of rota-
tions: B of the supply motor 73 is calculated from the amount
of'toner supply: M to execute the supply. In this embodiment,
in order to reduce the size, the sound and the cost of supply
motor 73, the supply motor 73 is set to the rotational speed
that can only be up to two rotations in one image formation.

This is due to the fact that the time required for the image
forming apparatus of this embodiment to output a sheet of
transfer material of A4 size during continuous driving is 2.4
seconds, whereas the rotational speed of the supply motor 73
drops to 60 rpm, and thus, the supply motor 73 is rotated only
once per second.

In this embodiment, the toner consumption at the time of
the entire solid image output of A4 size of the image ratio:
100% is about 0.35 g, whereas the amount of toner supply
when the toner bottle 7 rotates once is about 0.10 g. In this
case, since the supply motor 73 can rotate only up to twice in
one image formation, the maximum supply amount becomes
0.20 g and is not enough in an amount of 0.15 g. Since this
amount of 0.15 g cannot be supplied (remaining supply
amount), when the remaining supply amount reaches a pre-
determined value, a method for compensation is taken by
implementing the forced supply sequence. The forced supply
sequence in this embodiment will be described below based
on the above-described configuration.

FIGS. 4A and 4B comprise a flowchart of the forced supply
sequence of the first embodiment. First, the required number
of rotations: Brq is calculated from Formula 4 above before
the start of the image formation (S1).

Next, the number of rotations capable of being actually
supplied, that is, the implementation number of rotations: Bpr
is calculated from the calculated value of Brq. Specifically,
when Brq is greater than 2 (S2), Bpr becomes 2 (S3). Mean-
while, when Brq is 2 or less, Bpr=Brq is calculated (S4).

By the calculated value of Bpr, the supply motor 73 at the
time of image formation is rotated by the value of Bpr to
perform the toner supply (S5). Next, the remaining amount of
supply: M (remain) that could not be supplied in one image
formation is calculated from Formula above (S6).

Moreover, it is determined whether the calculated remain-
ing supply amount: M (remain) satisfies the relation of For-
mula 7 below (87),

M(remain)=M(supply) (Formula 7)

Here, M (supply) is an allowable value of toner to be supplied
at least, and is a predetermined value capable of being set in
advance by a user.

When not satisfying Formula 7, after the completion of the
image formation, the next image formation can be continu-
ously performed without performing the forced supply
sequence.

Meanwhile, when satisfying Formula 7, it is necessary to
supply the toner that could not be supplied, by implementing
the forced supply sequence.
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M (supply) is recorded in the ROM 102 in advance. In the
present embodiment, M (supply) was setto 0.70 g, but it may
be other values. It is necessary to determine M (supply) in
consideration of the influences of image density or the like
due to the fact that toner cannot be supplied.

As illustrated in FIGS. 4A and 4B, in this embodiment,
prior to performing the forced supply sequence, one determi-
nation formula is input (S8). This is a feature of the present
embodiment, and the problem is solved by implementing this
process.

In the process of step (S8), first, the video count values
notified after executing the preceding forced supply sequence
(preceding forced supply mode) last time are integrated to
calculate an integrated video count value: 2V (third infor-
mation). The integrated video count value: ZV_ is the toner
consumption after executing the preceding forced supply
sequence last time.

Next, in the process of step (S8), it is determined whether
the value of 2V, is a predetermined value or more as com-
pared to a predetermined value: A. Moreover, when the toner
consumption is a predetermined value or more, the forced
supply sequence is implemented. Meanwhile, when the toner
consumption is less than a predetermined value, the forced
supply is not implemented. In this embodiment, it is assumed
that A=2046, but it may be other values.

After implementing the preceding forced supply sequence,
even though the toner consumption is small, the forced supply
sequence may be determined to be performed. However,
under the condition that the normal toner is supplied from the
toner bottle 7, such a determination is unlikely to be per-
formed. Nevertheless, the reason why such a determination is
made is that the toner in the toner bottle 7 decreases, and an
amount of toner supply at the time of one rotation of the
supply motor 73 is lowered.

FIG. 5 is a graph illustrating a relation between the inte-
grated number of rotations of the supply motor and the
amount of toner supply of the first embodiment. FIG. 5 illus-
trates the amount of toner supply per rotation of the supply
motor 73 with respect to the integrated number of rotations of
the supply motor 73.

As illustrated in FIG. 5, from the vicinity of the point at
which the integrated number of rotations of the supply motor
73 exceeds 1560 rpm, the amount of toner supply decreases.
Moreover, when the integrated number of rotations of the
supply motor 73 is around 1640 rpm, the amount of toner
supply becomes zero.

In this embodiment, the toner is filled into the toner bottle
7 in an amount of 170 g, and in a state in which the amount of
toner supply becomes zero in the vicinity of the point at which
the integrated number of rotations of the supply motor 73 is
1640 rpm, the toner amount in the toner bottle 7 is about 10 g.
The toner of 10 g is present in a gap among the upper toner
conveying screw 71, the lower toner conveying screw 72, and
the toner bottle 7, and cannot be sent in the conveyance of the
screw. For this reason, the toner of 10 g may remain in the
toner bottle 7.

As described above, from the vicinity of the point at which
the integrated number of rotations of the supply motor 73
exceeds 1560 rpm, when the supply motor 73 rotates once, the
amount of toner supply decreases. For this reason, even
though the amount of toner consumption after implementa-
tion of the preceding forced supply sequence is small, it is
determined that the forced supply sequence needs to be
implemented in some cases. However, since the amount of
toner supply drops, even if the forced supply sequence is
implemented, the amount of toner to be supplied is small, and
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the TD ratio of the two-component developer in the develop-
ment device 2 is not recovered in some cases.

When the TD ratio of the two-component developer is not
recovered, the frequency of the forced supply sequence rises,
and the downtime may become longer. When implementing
the forced supply sequence under the conditions that the
recovery of the TD ratio of the two-component developer is
not expected, a disadvantage of the downtime increases. For
this reason, it is necessary to reduce the frequency of the
forced supply sequence as much as possible.

For this reason, in step (S8) in FIG. 4B, only when the
integrated video count value: £V _ is a predetermined value: A
or more, the forced supply sequence (S10) is implemented.

Meanwhile, when the integrated video count value: 2V _ is
less than a predetermined value: A, the forced supply
sequence is not implemented, and the remaining supply
amount: M (remain) is reset (S9). In this case, after the
completion of the image formation without performing the
forced supply sequence, the next image formation is pre-
pared.

The reason of resetting the remaining supply amount: M
(remain) in step (S9) is as follows. That is, since the remaining
supply amount: M (remain) is only added when the remaining
supply amount is not reset, thereafter, the number of rotations
of'the supply motor 73 when implementing the forced supply
sequence becomes excessively large.

When implementing the forced supply sequence (S10),
after the completion of the image formation, the image for-
mation is temporarily interrupted (S11).

Next, the forced supply number of rotations: B (supply) of
the supply motor 73 is calculated by the following formula
from the remaining amount of supply: M (remain) (S 12).

B(supply)=M(remain)/T (Formula 8).

Thereafter, the supply motor 73 is rotated by the value of
the forced supply number of rotations: B (supply) calculated
in Formula 8 (S 13).

Thereafter, the integrated video count value: 2V, is reset
(ZV _=0) (S14), and after the remaining amount of supply: M
(remain) is calculated again (S15), the image formation is
resumed (S16).

FIG. 6 is a conceptual diagram illustrating the image state
when carrying out the forced supply sequence. As illustrated
in FIG. 6, when implementing the forced supply sequence,
the gap generates between the image and the image. Mean-
while, when it is determined that the forced supply is not
implemented by the control of step (S8), after the completion
of the preceding image formation, it is possible to immedi-
ately continue the image formation.

In addition, when the determination of “toner absence”
using Formula 6 and the determination “implementation of
forced supply sequence” (S10) are performed during the
same image formation, in this embodiment, “forced supply
sequence” is not implemented, and “toner absence” is put out
earlier. However, it is also possible to implement the “forced
supply sequence” without being limited thereto.

Next, the effect of the present embodiment will be
described. FIGS. 7A and 7B are graphs in which the conven-
tional example and the first embodiment are compared to each
other at the image ratio of 10%. In FIGS. 7A and 7B, FIG. 7A
indicates the time of A=0 as a conventional configuration
example, and FIG. 7B indicates the time of A=2046 as the first
embodiment. Furthermore, FIGS. 7A and 7B illustrate the
transition of the detection TD ratio of the inductance sensor
26 just before the toner bottle 7 becomes a toner absence
when outputting the image having the image ratio of 10%. In
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FIGS. 7A and 7B, the forced supply sequence is implemented
at the time of the black triangle.

As illustrated in FIGS. 7A and 7B, in the conventional
example of FIG. 7A, the forced supply sequence is imple-
mented six times until becoming the toner absence, in spite of
the image ratio of 10%. Moreover, even when implementing
the forced supply sequence, the recovery behavior is not
observed in the detection TD ratio. Meanwhile, in the present
embodiment of FIG. 7B, the number of times of implemen-
tation of the forced supply sequence is suppressed to two
times until becoming the toner absence.

In addition, under both conditions A=0 of FIG. 7A and
A=2046 of FIG. 7B, the amount of toner supply of the toner
bottle 7 is approximately zero. Furthermore, the remaining
amount of toner of the toner bottle 7 is 10.2 g at the time of
A=00ofFIG. 7A, meanwhile, the remaining amount of toner is
also 10.3 g at the time of A=2046 of FIG. 7B, and there was
substantially no difference. From the above-described
results, it was possible to perform the control so as to reduce
the number of times of implementation of the forced supply
sequence from six times to two times, without changing the
remaining amount of toner of the toner bottle 7.

FIGS. 8A and 8B are graphs in which the conventional
example and the first embodiment at the image ratio of 80%
are compared to each other. In FIGS. 8A and 8B, FIG. 8A
indicates A=0 as the conventional configuration example, and
FIG. 8B indicates A=2046 as the first embodiment. Further-
more, FIGS. 8A and 8B illustrate the transition of the detec-
tion TD ratio of the inductance sensor 26 just before the toner
bottle 7 becomes the toner absence when outputting the
image having the image ratio of 80%.

As illustrated in FIGS. 8A and 8B, it was possible to
suppress the number of times of implementation of the forced
supply sequence from ten times to eight times, by performing
the control of this embodiment.

Meanwhile, at the image ratio of 80%, the recovery of the
TD ratio of the two-component developer is observed after
implementation of the forced supply sequence. Under this
influence, by implementing the control of this embodiment,
the number until the toner absence is slightly reduced. Fur-
thermore, since the remaining amount of toner of the toner
bottle 7 at the time oftoner absence is 10.6 g in the case of A=0
in FIG. 8A, and the remaining amount of toner is 11.0 g in the
case of A=2046 in FIG. 8B, by implementing the control of
the first embodiment, there is tendency that the amount some-
what increases.

[Second Embodiment]

A second embodiment of the present invention will be
described. The same configuration as the first embodiment
will not be described.

As illustrated in FIGS. 8A and 8B, when the image ratio is
high, the effect of reducing the number of times of implemen-
tation of the supply forced sequence is obtained, but there is
an influence that slightly increases the remaining amount of
the toner. Meanwhile, under the conditions that the recovery
of'the TD ratio of the two-component developer after imple-
menting the forced supply sequence, such as the image ratio
ot 10%, is not expected, even if the forced supply sequence is
performed zero, there is no effect of the remaining amount of
toner. For this reason, it is an ideal method to perform the
forced supply sequence zero.

Therefore, in the second embodiment, the control is imple-
mented so that, by changing the determination formula at (S8)
of FIG. 4B in the first embodiment, the forced supply
sequence is not implemented when the image ratio is low, and
an increase in the remaining amount of toner is suppressed as
much as possible when the image ratio is high.
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FIGS. 9A and 9B comprise a flowchart of the forced supply
sequence of the second embodiment. FIGS. 9A and 9B are
different from FIGS. 4A and 4B in the steps of the execution
condition of the forced supply sequence, that is, in the step
(S108) of FIG. 9B and the step (S8) of the first embodiment.
Furthermore, the difference is that the reset process of the
integrated video count value: 2V of step (S14) in the first
embodiment is removed in the second embodiment.

In FIGS. 9A and 9B, steps from step (S1) to step (S7) and
step (S9) are the same as those of the first embodiment. In the
second embodiment, after step (S7), a movement average
value: A, V_ of the video count value of the past M sheet
(predetermined number of sheet) is first calculated, rather
than the integrated video count value: 2V _. Moreover, it is
determined whether to perform the forced supply sequence
using the calculated value (S108).

By calculating A, V_, it is possible to calculate average
toner consumption per sheet, and the implementation deter-
mination of the forced supply sequence is performed when
the value is a predetermined value or less. This is because it is
possible to determine that a drop of the amount of toner
supply due to a decrease in the toner amount in the toner bottle
7 occurs.

The value of M can be set in the range in which the average
toner consumption in the latest predetermined number is
known, the value of M is set to M=8 in this embodiment, but
it may be other values. Furthermore, in this embodiment,
A,. V_ is calculated by a modified movement average
method, but it is intended to consider the recording capacity
of the RAM 103, and it may be calculated by a normal
movement average method.

The method of calculating the movement average value:
A,, V. of the video count value of the past M sheet will be
described.

The movement average value: A, V_ (N) of the video
count value of the past M sheet after the completion of N-1is
calculated from Formula 9 below. In calculating the value, the
values of the video count value: V¢ (N) at the time of N-th
image formation, q and the movement average value: A,, V,_
(N-1) of the video count value of the past M sheet at the time
of completion of N-1 are used.

A,. VN)=(M-1)/MxA,, V. (N-1)+1/MxVN) (Formula 9)

In step (S108) in FIG. 9B, when the movement average
value: A,, V_(N) of the video count value of the past M sheet
is a predetermined value or more (C or higher), the forced
supply sequence is implemented (S110).

Meanwhile, when A,, V_ (N) is less than the predeter-
mined value (less than C), the forced supply sequence is not
implemented, and the remaining supply amount: M (remain)
is reset (S9). Moreover, it is possible to continuously perform
the image formation as it is after the completion of image
formation.

Here, the reasons for resetting the remaining supply
amount: M (remain) are as follows. That is, since the remain-
ing supply amount: M (remain) is rapidly added, the number
of rotations of the supply motor 73 when implementing the
forced supply sequence increases too much unless the
remaining supply amount is reset.

The subsequent flow, that is, the processes from step
(S110) to step (S115) are the same as those of the first
embodiment. Here, as described above, the process corre-
sponding to step (S14) in FIG. 4B is cancelled. The reason is
that, evenif A,, V_(N)is not reset, since the value increases
or decreases in the video count value during subsequent
image formation, there is no need for reset.



US 9,280,116 B2

13

Hereinafter, the effect of the second embodiment will be
described. FIGS. 10A and 10B are diagrams illustrating the
effect at the image ratio of 10% of the second embodiment.
FIGS. 10A and 10B illustrate the transition of the detection
TD ratio of the inductance sensor 26 just before the toner
bottle 7 becomes the toner absence when outputting the
image having the image ratio of 10%. Moreover, FIG. 10A is
a case of A=2046 in the configuration of the first embodiment
as a comparative example, and FIG. 10B is a case of C=205 in
the configuration of the second embodiment. In addition, in
FIGS. 10A and 10B, the forced supply sequence is imple-
mented at the time of black triangle.

From the comparison of FIGS. 10A and 10B, in the con-
figuration of the second embodiment, it was possible to set the
number of times of implementation of the forced supply
sequence to zero. Furthermore, as the remaining amount of
toner of the toner bottle 7 at that time, the amount is 10.2 g in
the case of A=2046 in FIG. 10A, the amount is 10.1 g in the
case of C=205 in FIG. 10B, and thus, there is substantially no
difference. Thus, in the configuration of the second embodi-
ment, at the time ofthe low image ratio, it is possible to reduce
the number of times of implementation of the forced supply
sequence.

Next, FIGS. 11A and 11B are diagrams illustrating the
effect at the image ratio of 80% of the second embodiment.
FIGS. 11A and 11B illustrate the transition of the detection
TD ratio of the inductance sensor 26 just before the toner
bottle 7 becomes the toner absence when outputting the
image having the image ratio of 80%. Moreover, FIG. 11A is
a case of A=2046 in the configuration of the first embodiment
as a comparative example, and FIG. 11B is a case of C=205 in
the configuration of the second embodiment. In addition, in
FIGS. 11A and 11B, the forced supply sequence is imple-
mented at the time of black triangle.

From FIGS. 11A and 11B, in the configuration of the
second embodiment, the number of times of implementation
of the forced supply sequence increases to ten times of FIG.
11B as compared to eight times in FIG. 11A. However, as
compared to 11.1 g in the case of A=2046 in FIG. 11A, the
remaining amount of toner of the toner bottle 7 at that time
decreases to 10.5 g in the case of C=205 in FIG. 11B. That is,
the configuration ofthe second embodiment obtains the effect
of reducing the remaining amount of toner.

Thus, in the configuration of the second embodiment, there
is an effect in which, at the time of the high image ratio, the
number of times of implementation of the forced supply
sequence is maintained in the same manner as the conven-
tional configuration, and it is possible to reduce the remaining
amount of toner in the toner bottle 7. In this embodiment, the
supply control was performed based on two pieces of infor-
mation. That is, the supply amount is determined, based on
the video count value as the image information, and the detec-
tion result of the inductance sensor 26, but is not limited
thereto. The supply control may be performed based on at
least a piece of information of the video count value and the
detection results of the inductance sensor 26.

According to the above-described configurations, by effi-
ciently performing the control of the forced supply sequence,
it is possible to suppress the occurrence of downtime.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.
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This application claims the benefit of Japanese Patent
Application No. 2013-169602, filed Aug. 19, 2013, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An image forming apparatus comprising:

an image bearing member;

a developing device configured to develop an electrostatic
image formed on the image bearing member, the devel-
oping device including a developer bearing member
configured to carry a developer;

a supply device configured to supply toner to the develop-
ing device;

a density detector configured to detect information about a
toner density as a ratio of toner and carrier of the devel-
oper of the developing device; and

a controller configured to execute a forced supply mode of
performing the toner supply to the developing device
from the supply device,

wherein the controller interrupts an image forming opera-
tion and executes the forced supply mode when both of
the following conditions (i) and (ii) are satisfied in a job
in which image formation is continuously performed on
a plurality of recording materials:

(1) a remaining supply amount obtained based on first
information of at least one of detection results of the
density detector and information about a toner con-
sumption and second information concerning a driv-
ing amount of the supply device is greater than a first
predetermined amount,

(i1) an accumulated amount of toner consumed after the
forced supply mode is executed last time is greater
than or equal to a second predetermined amount, and

wherein the controller does not execute the forced supply

mode in case that at least one of the above conditions (i)

and (ii) is not satisfied.

2. The image forming apparatus of claim 1,

wherein the accumulated amount of toner is third informa-
tion, and the controller resets the third information after
rotating the supply device in the forced supply mode.

3. An image forming apparatus comprising:

an image bearing member;

a developing device configured to develop an electrostatic
image formed on the image bearing member, the devel-
oping device including a developer bearing member
configured to carry a developer;

a supply device configured to supply toner to the develop-
ing device;

a density detector configured to detect information about a
toner density as a ratio of toner and carrier of the devel-
oper of the developing device;

atransfer device configured to transfer an image developed
by the developing device on a recording material; and

a controller configured to execute a forced supply mode of
performing the toner supply to the developing device
from the supply device,

wherein the controller interrupts an image forming opera-
tion and executes the forced supply mode when both of
the following conditions (i) and (ii) are satisfied in a job
in which image formation is continuously performed on
a plurality of recording materials:

(1) a remaining supply amount obtained based on first
information of at least one of detection results of the
density detector and information about a toner con-
sumption and second information concerning a driv-
ing amount of the supply device is greater than a first
predetermined amount,
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(i1) an accumulated amount of toner consumed after the
forced supply mode is executed last time is greater
than or equal to a second predetermined amount, and

wherein the controller does not execute the forced supply

mode in case that at least one of the above conditions (i) 5

and (ii) is not satisfied.
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